Introduction
Minimally processed apples (MPAs) are sold individually, together with other fruits, or as parts of cakes and salads. However, the inevitable cuts occurring during processing may lead to increased levels of enzymatic browning and a higher rate of water evaporation, which may compromise the appearance of the final product. Enzymatic browning is predominantly due to the oxidation reaction of phenolic compounds via polyphenoloxidase, causing the formation of o-quinone, which polymerizes to form the dark pigment melanin (LEE, 1999) .
Several vegetable extracts have already been evaluated to reduce enzymatic browning, not only due to an increased demand for natural instead of synthetic products, but also with regards to reduced production costs. Studies with this objective involving mushrooms (JANG et al., 2002) , onions (LEE et al., 2007; ROLDÁN et al., 2008) , oranges, lemons, apples, bananas, potatoes, eggplants, rice, wheat (OLIVEIRA et al., 2007) , and pineapples (SUPAPVANICH et al., 2012) have been carried out.
The turnip (Brassica rapa L.) is considered to be a rich source of fibre, minerals, and calcium (GONDIM, 2010) , and also contains high concentrations of vitamin C and antioxidants that may help to limit the formation of free radicals and deleterious oxidative reactions (SAEED et al., 2012) . As compared to other vegetables, the turnip exhibits high peroxidase activity (FATIBELLO-FILHO; VIEIRA, 2002) . In the presence of oxygen this enzyme catalyses the reduction of peroxides such as hydrogen peroxide, as well as the oxidation of a variety of other organic and inorganic compounds (KOBLITZ, 2008; HAMID; KHALIL-UR-REHMAN, 2009 ). The activity of this enzyme in food is usually associated with browning and the development of off-flavours (KOBLITZ, 2008) . However, this effect seems to depend on the substrate, as well as on the presence or absence of oxygen and hydrogen peroxide. Some reports in the scientific literature have shown that peroxidase may discolour aromatic compounds, similar to the quinones formed by polyphenoloxidase (SELVAM et al., 2003; SILVA et al., 2012b) . The results of these studies indicated that the same effect could potentially be induced in vegetables, thus minimizing browning. The turnip extract may be a natural option to reduce the browning caused by polyphenoloxidase in MPAs.
Edible coatings may be used as a vehicle for these extracts, since they immobilize the active compound in a polymer matrix, thus maintaining a high concentration of the active compound on the food surface (OUATTARA et al., 2001) . One possible polymer for this purpose is xanthan gum, which is a polysaccharide synthesized by a phytopathogenic bacterium of the genus Xanthomonas. According to Freitas et al. (2013) , this gum can be used as an edible coating for MPAs and thus extend their shelf life. Therefore, the objective of this study was to evaluate the potential of turnip extract and xanthan gum in the conservation of MPAs.
Materials and methods

Materials
The apples used (Malus domestica Borkh) of the cultivar Fuji, were grown in Vacaria/RS (Brazil), whereas the turnips used (Brassica rapa L.) purple top white globe were grown in Pelotas/RS (Brazil). The vegetables were selected according to size, colour and the absence of physiological defects. Only apples with soluble solids contents between 11 and 12 °Brix were chosen. The food grade xanthan gum used in this study was obtained from Shandong Fufeng Fermentation Co Ltd (China).
Methods
The vegetables were washed, sanitized with sodium hypochlorite solution (200 ppm, 15 min), rinsed and peeled. The apples were manually cut in half with the aid of stainless steel knives and each half further cut into four pieces of approximately 2.0 cm × 6.0 cm in size. The turnip pieces were pulped using a food multiprocessor (Philips Walita) before being filtered. Distilled water was added to this filtrate in a 1:1 (v/v) ratio. All food processing was carried out at ambient temperature (15 °C) using chilled water.
The xanthan gum solution was prepared by slowly dissolving xanthan gum in distilled water at room temperature (r.t.; ca. 2 h), followed by heating to 60±1 °C for 20 min. This solution was stored at 4±1 °C for 24 h. Under vigorous stirring at r.t. (ca. 10 min), appropriate amounts of glycerol and/or CaCl 2 were added to this solution.
The following edible coatings were prepared in aqueous solution: A -water (control); B -turnip extract; C -turnip extract and CaCl 2 (1.0% w/v); D -xanthan (0.25% w/v), CaCl 2 (1.0% w/v), and glycerol (1.0% v/v); E -turnip extract, xanthan (0.25% w/v), CaCl 2 (1.0% w/v) and glycerol (1.0% v/v).
For the treatments A-D, the apple pieces were immersed in the respective solutions for 2 min, before being dried under ventilation on nylon screens for ca. 4 h. Treatment E was accomplished in two stages: initially, the MPAs were immersed in the turnip extract for 2 min and then dried, before being immersed in xanthan gum solution for 2 min, followed by drying again.
After treatment, the MPAs were packed in polyvinylchloride film-covered polystyrene trays (seven pieces per tray), and stored at 4±1 °C (80% relative humidity) for 13 days. The analyses were carried out on days 1, 3, 6, 9 and 13.
The experimental design was completely randomized in a 5 × 5 factorial scheme with five treatments (A, B, C, D and E) and five evaluation periods (1, 3, 6, 9 and 13 days). The polyphenoloxidase and peroxidase activities were determined on days 1 and 13 of storage. Each treatment consisted of 63 pieces of apple, distributed on nine trays. Three trays per treatment were used for the evaluation of mass loss, one tray per treatment for the analyses at each evaluation period, while an additional tray served as a safety margin.
Evaluations
The mass loss was determined from the difference between the initial weight of the MPAs and that obtained at the end of the respective storage period (see Equation 1 ). Three trays each containing seven pieces of apple were used for the analysis of mass loss for each treatment, and the average of the results is expressed as a percentage of mass loss.
The firmness of the apple pieces was determined using a texturometer (Stable Micro Systems TA.XTplus) with a P/2N probe. Four pieces of apple were used for the analysis of firmness, two measurements being made per piece, totalling eight repetitions per sample per analysis period. The results were expressed in Newton (N).
The colouration was evaluated using a Minolta CR 400 colorimeter. The values obtained for a*, b* and L* were used to calculate the browning index (BI) according to Palou (1999) 
Four pieces of apple were used for the colour analysis, with eight readings per analysis period, i.e. two readings per piece.
In order to establish the pH value, three samples (10 g each) were triturated with distilled water (100 mL), before reading using a pH meter . The analysis was carried out according to the AOAC method (CUNNIFF, 1995) . The soluble solids contents were determined in the liquid extract after triturating the sample. An Abbe-type bench refractometer (Analytikjena) with automatic temperature control was used for this purpose, and the results expressed in °Brix. Both evaluations were carried out in triplicate.
For each evaluation period, the enzymes were extracted from three pieces of apple that were frozen (-18 °C, 10 days) in low-density polyethylene plastic bags. One gram samples were homogenized with 10 mL of 0.05 M phosphate buffer (pH 7, plus 1% polyvinylpyrrolidone) and filtered immediately. The homogenate was centrifuged (15 min, 7000 g, 3 °C) (MATSUNO; URITANI, 1972) and the resulting supernatant, known as the enzymatic extract, used to determine the polyphenoloxidase and peroxidase activities.
The polyphenoloxidase activity was determined in 1 mL aliquots of the enzyme extract, to which 3.6 mL of a 0.05 M phosphate buffer (pH 6) containing 0.1 mL of 0.1 M pyrocatechol were added. The solutions obtained were incubated (30 min, 30 °C), cooled in an ice bath, and the spectrophotometer reading (Belgium) recorded immediately at a wavelength of λ = 395 nm. The polyphenoloxidase activity was expressed in units of enzymatic activity capable of inducing an absorbance change of 0.001 at 395 nm per gram of fresh pulp per minute (UAE.g -1
.min -1 ) (CAMPOS; SILVEIRA, 2003).
The peroxidase activity was determined in 3 mL aliquots of the enzyme extract, to which a solution containing 5 mL of 0.02 M phosphate citrate buffer (pH 5), 0.5 mL of 30% hydrogen peroxide and 0.5 mL of guaiacol was added. The solution was incubated (5 min, 30 °C), cooled in an ice bath, and the spectrophotometer reading recorded immediately at a wavelength of λ = 470 nm. The peroxidase enzyme activity was expressed in units of enzymatic activity capable of induce an absorbance change of 0.001 at 470 nm per gram of fresh pulp per minute (UAE.g -1
.min -1 ) (MATSUNO; URITANI, 1972).
The results obtained were subjected to a variance analysis, and the mean values were compared between the treatments using the t test and Tukey's test (threshold level for significance: 5%), using the Statistix 10 programme (STATISTIX, 2014) . Polynomial regression analyses were carried out to describe the variables according to the storage periods.
Results and discussion
For all treatments, mass loss of the MPAs increased significantly during storage, even though no significant difference could be observed between the treatments for each analysis period (Table 1) .
Xanthan gum has previously been used as an edible coating for minimally processed vegetables, especially in order to reduce mass loss FREITAS et al., 2013; PIZATO et al., 2013) . However, in these studies 0.5% of xanthan gum was used in comparison to 0.25% in the present study. This lower concentration was chosen in accordance with the results of preliminary studies, which showed that higher concentrations of xantham gum could increase enzymatic browning in the presence of turnip extract, possibly by providing lower permeability for oxygen. The influence of oxygen will be discussed in the following section.
T h e c o a t i n g s p r o v i d e d i n c r e a s e d t h e polyphenoloxidase activity as compared to the control, and regardless of the treatment, an increase in polyphenoloxidase activity was observed during the storage period ( Figure 1A) . Furthermore, the peroxidase activity also increased significantly in the MPAs treated with turnip extracts (B, C and E) as compared to untreated samples ( Figure 1B ).
Turnips have been used for the extraction of peroxidase due to the high activity of this enzyme in this vegetable (MATTO; HUSAIN, 2009; HUSAIN, 2010; SILVA et al., 2012a; SILVA et al., 2012b) . However, during storage, a trend for a reduction in peroxidase activity was observed. According to Valderrama et al. (2002) peroxidases are relatively unstable and susceptible to inactivation in the presence of hydrogen peroxide. This auto-oxidative inactivation seems to proceed via several catalytic pathways, including haem oxidation and the destruction of essential amino acids. In general, although there were significant differences between the treatments regarding the activities of polyphenol oxidase and peroxidase, both at the beginning and end of storage, the main effect observed was that of high peroxidase activity in relation to colour maintenance. During storage, no significant increase in the browning index was observed for MPAs subjected to treatments B (turnip extract) and C (turnip extract and CaCl 2 ) (Table 1) . However, MPAs submitted to the other treatments exhibited significantly increased browning index values during storage. This included MPAs treated with E (turnip extract and xanthan gum), albeit to a lesser extent. According to Husain (2010) , peroxidase can catalyse the degradation/transformation of aromatic dyes either by precipitation or ring-opening reactions of the aromatic rings. Silva et al. (2012b) demonstrated the effectiveness of peroxidase in the discoloration of anthraquinone dyes, which have a similar structure to the quinones generated in the polyphenoloxidase-induced oxidation of phenolic compounds. Hiner et al. (2001) and Silva et al. (2012b) suggested that the peroxidase-catalysed degradation of aromatic compounds proceeded initially via a reaction with hydrogen peroxide at the active site, whereby hydrogen peroxide was reduced to water and compound I, which is a reactive intermediate with a higher oxidation state as compared to the original enzyme. Subsequently, compound I oxidized a substrate molecule (AH 2 ), whereby an aromatic dye substrate and a radical compound II were generated. Finally, compound II was reduced by a second substrate molecule, causing the enzyme to return to its original form. Therefore, the initial differences observed for the browning index could possibly be attributed to the influence of the treatment during the 4 h of drying (Table 1) , most likely due to peroxidase activity. Accordingly, the addition of turnip extract, including treatment E, resulted in lower browning rates, both at the beginning and end of storage.
Treatment E possibly induced lower permeability to oxygen via the additional coverage with xanthan gum, thus causing partially inhibited peroxidase activity relative to treatments with only turnip extract (B) or turnip extract and calcium chloride (C). In agreement with the study of Krochta & Mulder-Johnston (1997) , the edible coatings promoted the formation of semi-permeable oxygen barriers. Moreover, some of the present authors' preliminary data (data not shown) suggested that the turnip-induced inhibition of enzymatic browning was higher in polystyrene containers coated with polyvinylchloride as compared to polyethyleneterephthalate packaging, since the former exhibits higher oxygen permeability relative to the latter. Accordingly, polyvinylchloride-covered polystyrene trays were chosen as the packaging material in the present study.
The present results also suggested that in the presence of higher oxygen concentrations (i.e. in the absence of xanthan gum), peroxidase could degrade the polyphenoloxidase-generated pigment. Thus, despite the increased polyphenoloxidase-induced production of quinones at higher oxygen concentrations, it appears that peroxidase is able to subsequently degrade them. However, at lower oxygen concentrations (i.e. in the presence of xanthan gum), polyphenoloxidase still seems to be active, and accordingly, the peroxidase appears to be inhibited.
As far as firmness was concerned, different values were observed for the MPAs as a function of time. For example, the control treatment (A) showed a significant loss of firmness during storage (Table 1) , possibly mainly due to the activity of pectinolytic enzymes.
In contrast, treatments B, C and D maintained their initial levels of firmness, and treatment E showed a significantly increased level of firmness (Table 1) . These results could be correlated with the substantial amounts of calcium already present in the turnip (UNICAMP, 2011), or, on the other hand, they could be due to the addition of calcium chloride, which is classified as a firming agent.
During storage, a significant increase in the pH value could only be observed for the control group, whereas the other treatments maintained the initial pH value (Table 1) . A significant increase in soluble solids was observed during storage for all treatments (Table 1) . However, this increase was probably related to the mass loss observed in all treatments, and the consequent increase in the sugar concentrations.
Conclusions
The experimental data obtained show that the turnip extract effectively reduced browning in the MPAs. This effect could be related to the peroxidase activity towards the phenolic/quinoidal compounds and the concentration of oxygen present in the sample. Apart from minimizing browning, the turnip extract facilitated the maintenance of physical and chemical characteristics such as firmness and the pH value. However, no advantage could be observed for the simultaneous presence of turnip extract and xanthan gum and/or calcium chloride. The coatings (xanthan and/or turnip extract) were not effective in controlling or preventing weight loss.
Moreover the study showed that turnip extract may represent an interesting alternative for applications in MPAs, especially as it is a natural product, easily obtained, cost effective and contributes to the nutritional quality (e.g. as a source of calcium ions).
